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ABSTRACT 
Aflatoxins are secondary metabolites with toxicological properties that induce a variety of health 
challenges when foods contaminated with these compounds are ingested. Aflatoxins are stable 
under most food processing conditions and therefore persist to the final products. Fresh samples 
of thirty two food condiments comprising of four each of Pleurotus tuber regium (Osu), Piper 
guineense (Uziza), Xylopia aethiopica (Uda), Monodora mystrica (Ehuru), Citrullus vulgaris 
(fermented mellon), Ricinus communis (Ogiri) Brachystegia eurycoma (Achi) and Origanum 
syriacum (Offor)  were assayed for fungi and presence of aflatoxins. The mean fungal counts 
range from 1.2 x 104 in Pleurotus tuber regium to 8.2 x 109 in Brachystegia eurycoma. Eight 
fungal spp were identified to include Aspergillus, Penicillium, Candida, Mucor, Rhizopus, 
Geotricum, Saccharomyces and Fusarium. Aflatoxin assay by RIDA quick aflatoxin kit detected 
two samples of Brachystegia eurycoma and a sample of Origanum syriacum with concentrations 
≥ 20ppb. The best protection against mycotoxins is monitoring their presence in foods and feeds, 
therefore, regular and routine analysis of food samples for possible presence of mycotoxins is 
recommended. Education and training of food handlers is imperative, adoption of GMP and 
HACCP application in food condiment preparation will curtail fungal contamination and 
mycotoxin production in foods and feed products.  
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INTRODUCTION 
Food condiments (seasonings/spices) are 
substances added to food to impart a 
particular flavor, enhance its flavor or in some 
cultures to complement the dish. Most locally 
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made food condiments are fermented and 
their production still shrouded in the local act 
of those who inherited it as a family 
secrete/trade gift by nature. More often, 
production by local technology creates room 
for contamination by diverse microorganisms, 
and the fermentation environment support and 
encourages fungi growth and proliferation and 
thus mycotoxin production. 
 Mycotoxins are diverse range of molecules, 
they are secondary metabolites produced by 
fungi which contaminate a large variety of 
food and feed. Fungi are extremely adaptable 
organism, being able to metabolize a large 
variety of substrates over a wide range of 
environmental conditions, thus no region of 
the world escapes the problem of mycotoxins 
and according to Lawlor and Lynch, 2005, 
[1], mycotoxins are established to affect as 
much as 25percent of the world’s crops every 
year. 
Plants may be contaminated by mycotoxins in 
two ways; fungi as pathogens on plants or 
growing saprophytically on stored plants and 
animal products [2]. Most mycotoxins in food 
are produced mainly by three genera of fungi; 
Aspergillus, Penicillium and Fusarium [3]. 
Due to the diversity of their toxic effects and 
high stability to heat treatment, the presence 
of mycotoxins in the food chain is potentially 
hazardous to the health of both humans and 
animals [4]. 
Although the formation of mycotoxins in 
nature is considered a global problem. 
However, in certain geographical areas of the 
world, some mycotoxins are produced readily 
than others [1, 5, 6]. 
Some mycotoxins are beneficial to man; they 
have been used as food, producing a 
mycoprotein called quorn derived from 
Fusarium venenatum. Quorn food is available 
in Europe and is eaten by millions of people. 
Also Aspergillus Flavus which produces 
aflatoxins are used in making food products 
such as soysauce. Some cultures are 
encouraged to grow on certain feeds in order 
to give the desired taste [7]. 
Organisms like penicillium are used in the 
production of antibiotics under proper 
conditions. Mycotoxins can also be used as 
bioterriosm where aflatoxin and Aspergillus 
parasiticus are cultured and extracted to 
produce concentrated toxins and used to fill 
warheads [8]. Despite the advantages of some 
mycotoxins, several deleterious effects have 
been documented. They are known to be 
hepatotoxic, carcinogenic, mutagenic, 
immunosupressive, nephrotoxic, 
dermatotoxic, neurotoxic, teratogenic and 
immunotoxic [6]. Some mycotoxin producing 
organisms like Aspergillus, Fusarium and 
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Penicillum sp cause diseases including; 
systemic mycosis, cutaneous mycosis, 
subcutaneous mycosis, ear and eye infections.  
Since its discovery in numerous feedstuffs, 
aflatoxin, has caused much concern among            
consumers and producers alike. This toxin 
poses a serious economic threat to farmers 
[9]. Toxic and especially carcinogenic effects 
of aflatoxins have been reported in several 
different animals, aflatoxins cause liver 
damage, decreased milk and egg production, 
recurrent infection as a result of immunity 
suppression, in addition to embryo toxicity 
[3].  
Mycotoxins specifically aflatoxins have 
significant economic and commercial impact 
in that the safety, productivity and nutritive 
values of infected goods are affected [6]. This 
work therefore seek to investigate the 
prevalence of aflatoxins in some locally 
prepared food condiments with a view to 
creating in the society, food safety 
consciousness and the need for GMP and 
application of HACCP practices in 
preparation of food and food products. 
MATERIALS AND METHODS 
Sample Collection 
 A total of 32 samples comprising of four 
specimens each of Citrullus vulgaris 
(mellon), Ricinus communis (ogiri) 
Brachystegia eurycoma (Achi), Origanum 
syriacum (Offor), Pleurotus tuber regium 
(Osu), Piper guineense (Uziza), Xylopia 
aethiopica (Uda) and Monodora mystrica 
(Ehuru) were purchased from four (4) 
different locations in Owerri (Ihiagwa, 
Eziobodo, Nekede and Owerri metropolis). 
The samples were collected aseptically into 
sterile specimen containers and were 
adequately labeled and transported to the 
laboratory for analysis within one hour. 
Analysis of Specimen 
Ten gram (10g) samples were serially diluted 
10-1 to 10-6, the spread plate technique was 
adopted for culturing 0.2ml of sample 
homogenates onto PDA plus penicillin and 
streptomycin for fungal count and isolation. 
Incubation was at 28 ± 2°C for 3-5 days. Pure 
culture of isolates was obtained by repeated 
subculture on PDA. Fungal isolates were 
identified by macroscopic cultural 
characteristics and microscopy with reference 
to standard keys and atlas following the 
descriptions of [10, 11]. 
Aflatoxin Assay 
The RIDA QUICK Aflatoxin kit (R- 
Biopharm, UK) was used. It is an 
immunochromatographic assay based on 
antigen- antibody reaction and on the 
principle that a specific antibody against 
aflatoxin recognizes the aflatoxin molecules 
in the samples.  The results are read visually 
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by observing the development of coloured 
band. The control band (control line) is not 
influenced by aflatoxin in the sample and 
should be present in all cases in order to prove 
that the test strip is valid. The test band (test 
line) is not visible in the absence of aflatoxin, 
it is only visible when aflatoxin is present in 
the sample. 
Procedure  
Ten gram (10g) of ground samples was 
weighed into suitable containers; 20ml of 
70% methanol was added to the ground 
samples in the containers, capped and shaken 
vigorously for 3-5 minutes in shaker (Jenway, 
UK). The solution was allowed to sediment, 
and then filtered. Aliquot 50µ1 of the clear 
supernatant was added to 100µ1 of the 
temperate mobile solvent which was brought 
out of fridge and allowed to assume room 
temperature of 26±2°C. The solution was 
mixed and 100µ1 of it was applied on the 
application area of the test strip. The result 
was read after 4 – 16 minutes and interpreted 
based on the manufacturer’s standard which 
stipulates: Negative result- The sample is free 
of aflatoxin or less than 4µg/kg(ppb) 
detection limit, if only the control band/line is  
 
clearly visible. Positive result- The sample is 
contaminated with aflatoxins if the control 
band/line is visible and the test band is also 
visible (20ppb after 4 minutes; 10ppb after 8 
minutes; 4ppb after 16 minutes). 
RESULTS  
The result of the fungal culture for the eight 
different samples analyzed is shown in 
Tables 1 and 2. It reveals that all the samples 
except however; Monodora mystrica had high 
fungal contaminants. 
Table 1 shows a high fungal count in most of 
the samples. Counts ranges from 1.2 x104 in 
Pleurotus tuber regium to 9.3 x 108 in 
Origanum syriacum and 8.2 x 109 in 
Brachystegia eurycoma. Monodora mystrica 
had few fungal growths within the incubation 
period. Table 2 reveals the different fungal 
contaminants, Aspergillus and Penicillium 
spp are the most prevalent. Ricinus communis 
and Piper guineense had more mixed 
mycoflora compared to other samples. Table 
2 also show the aflatoxin assay, it reveals that 
two samples of Brachystegia eurycoma 
(Achi) and a sample of Origanum syriacum 
(Offor) had aflatoxin contamination of 
≥20ppb (positive result in 4 minutes). 
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Table 1: Mean Fungal Count cfu/g of Samples 
S. No. SAMPLES MEAN FUNGAL COUNT 
1.  Brachystegia eurycoma (Achi)  8.2 x 109 
2.  Citrullus vulgaris (mellon) 1.8 x 107 
3.  Monodora mystrica (Ehuru) < 10 
4.  Origanum syriacum (Offor) 9.3 x 108 
5.  Piper guineense (Uziza) 5.4 x 106 
6.  Pleurotus tuber regium (Osu) 1.2 x 104 
7.  Ricinus communis (ogiri) 8.8 x 106 
8.  Xylopia aethiopica (Uda) 3.5 x 106 
  
Table 2: Mycoflora and Aflatoxin Assay of Samples 
 
S. No. SAMPLES MICROORGANISMS AFLATOXIN 
1.  Brachystegia eurycoma 
(Achi) 
Aspergillus favus, Aspergillus niger, Penicillium 
spp 
++ 
2.  Citrullus vulgaris 
(mellon) 
Fusarium spp, Penicillium spp, Mucor spp, 
Aspergillus fumigatus 
_ 
3.  Monodora mystrica 
(Ehuru) 
Rhizopus spp _ 
4.  Origanum syriacum 
(Offor) 
Penicillium spp, Aspergillus flavus, Rhizopus spp, + 
5.  Piper guineense (Uziza) Aspergillus parasiticus, penicillium spp, 
Geotricum, Penicillium caseicolum, Aspergillus 
spp, Fusarium spp, Saccharomyces spp 
_ 
6.  Pleurotus tuber regium 
(Osu) 
Aspergillus spp, Candida spp, Mucor spp _ 
7.  Ricinus communis 
(ogiri) 
Penicillium spp, Aspergillus niger, Mucor spp, 
Aspergillus spp, Rhizopus spp 
_ 
8.  Xylopia aethiopica (Uda) Penicillium caseicolum, Rhizopus spp, 
Aspergillus spp, Penicillium spp 
_ 
 
DISCUSSION 
The presence of fungi in all the samples could 
be attributed to the normal flora of the plants. 
Normal microbial flora has been reported to 
withstand processing procedures and 
conditions and be found in final products [12, 
13]. Fungi are common environmental 
contaminants and are known to produce 
spores that survive unfavorable environmental 
conditions; this could explain their presence 
in the food condiments. 
The high fungal counts of ≥106 recorded for 
the samples are above standard specification 
[14], the products are therefore not 
recommended for consumption without 
further treatments. The levels of 
contamination could be associated to 
contamination from the environment, the food 
vendors and personnel involved in the 
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production process [15, 16, 17]. It has been 
reported that the microbial contamination of a 
products is dependent on the environment it 
passed through and to the sanitary quality of 
the cultivation water, harvesting, 
transportation, storage, and processing of the 
produce [12, 13, 18, 19]. Ogiri and mellon 
condiments are fermented products often 
produced by mixed microbial flora due to 
poor local technology, contamination of these 
products by fungal species have been reported 
[20, 21, 22]. Uziza and Uda are spices mostly 
transported from the northern part of the 
country. Extensive handling during 
transportation could have contributed to the 
high contamination rate. The hardy nature of 
fungal spores could have supported the fungi 
in these spices that are known to have low 
water activity and have been reported to have 
some antimicrobial properties [23, 24]. Achi 
and offor are normally produced by boiling 
and grinding to powder the seeds of 
Brachystegia eurycoma and Origanum 
syriacum. The handling and grinding 
processes could be the sources of 
contamination, more so, the powdered seeds 
are not normally dried after processing to 
reduce water activity, this thus suggest that 
the products are of high water activity that 
could encourage the survival and proliferation 
of fungal contaminants and support aflatoxins 
formation. Achi and Offor are equally not 
fermented further suggesting that the medium 
have conducive condition that encouraged 
fungi proliferation and aflatoxins production. 
Aflatoxins was not detected in Ogiri, Mellon, 
Uda and Uziza despite the very high fungal 
counts, this could be explained by lack of 
conducive condition for aflatoxin production. 
Ogiri and Mellon are fermented products, 
while Uda and Uziza are spices of low water 
activity and have been reported to contain 
antimicrobial substances. Aflatoxins have 
been reported to be produced only under 
conducive environmental condition of high 
water activity [25]. The presence of high 
fungal count above acceptable standard calls 
for concern and the detection of aflatoxigenic 
fungi and aflatoxin ≥   20ppb is a cause for 
alarm. Education of producers of local food 
condiments, food vendors and consumers on 
the dangers of poor food storage and the need 
to adopt GMP and apply HACCP is 
advanced. 
REFERENCES 
[1] Lawlor PG, and Lynch PB, 
Mycotoxin management, Af. Farming 
Food Processing, 46, 2005, 12-13. 
[2] Glenn J, Mycotoxigenic Fusarium 
species in an animal feed, Fusarium 
and their toxins: Mycology, 
Oranusi S et al                                                                                                                             Research Article 
 
 
535 
IJBPAS, March, 2013, 2(3) 
occurrence, toxicity, control and 
economic impact, 2007. 
[3] CAST, Mycotoxins, Risk In Plant, 
Animal And Human Systems, Vol 
Task Force Report 138, Council for 
Agricultural Science and Technology, 
Ames, IA, U.S.A., 2003, 199. 
[4] Corrier DE, Mycotoxicosis: 
Mechanisms of Immunosuppression 
Vet. Immunopathol., 30, 1991, 73-87. 
[5] Devegowda G,   Radu MVL, Nazar 
A, and Swamy HVLM, Mycotoxins 
picture worldwide: Novel solutions 
for their counteraction, Proceedings 
of all tech’s 14th annual Symposium, 
Biotechnology in feed industry, 
Passport of the year 2000, 
Nottingham University press, 1998. 
[6] Ratcliff J, The role of mycotoxins in 
food and feed safety, Presented at 
AFMA (Animal Feed Manufacturers 
Association) on 16th August, 2002. 
[7] Banwart GJ, Basic Food 
Microbiology, 2nd Ed., Champman 
and hall, Newyork, U.S.A., 2004, 
171-209. 
[8] Shatweel OL, Mycotoxins in foods, 
1st Ed., 1998, 78-209.  
[9] Gardner HD, Williams WP and 
Windham GL, Diallel analysis of 
aflatoxin accumulation in maize, 
Field Crops Res., 102, 2007, 60-63. 
[10] De Hoog GS, Guarro JG and 
Fugureas MJ, Atlas of clinical Fungi 
2nd Ed., (entreat bureau voor 7 
Schimmel cultures/ universitat Rovira 
I Virgilli, 2001, 1-29 
[11] Tsuneo W, Pictorial atlas of soil and 
seed fungi: Morphologies of cultural 
fungi and Key to Species 3rd Ed., 
CRC press, 2010. 
[12] EC-SCF, SCF/CS/FMH/SURF/Final, 
Risk profile on the Microbiological 
contamination of fruits and 
vegetables eaten raw, Report of the 
Scientific Committee on Food, 
European Commission Health and 
Consumer protection Directorate-
General, 20 April, 2002. 
[13] Oranusi US and Braide W, 
Microbiological safety assessment of 
Apple fruits (Malus domestica 
Borkh) sold in Owerri Imo State 
Nigeria, Advance J. Food Science 
and Technol.,4 (2), 2012, 97-102. 
[14] ICMSF, Microbial ecology of food 
commodities. Microorganisms in 
foods, Blackie Ackademic and 
Professional, London, 1998. 
[15] De Roever EI, Contamination of 
Fresh Fruits and Vegetables In: 
Oranusi S et al                                                                                                                             Research Article 
 
 
536 
IJBPAS, March, 2013, 2(3) 
Sehgal S (ed) Study on 
microbiological aspects of fruits and 
vegetables (including green leafy 
vegetables) in and around National 
Capital Region, Department of Food 
and Technology, Bhaskaracharya 
College of Applied Sciences, New 
Delhi, India, 1998, 4-5. 
[16] Beuchat LR, Ecological factors 
influencing survival and growth of 
human pathogen on raw fruits and 
vegetables, Microbes and Infection, 
4, 2002, 413-423.  
[17] Islam M, Morgan J, Doyle MP, 
Phatak SC, Wilner P and Jiang X, 
Fate of Salmonella enterica sero var 
Typhimurium on Carrot and Radishes 
grown in fields treated with 
contaminated manure composts and 
irrigated water, Applied and  
Environ. Microbiol., 70 (4), 2491-
2502. 
[18] Buck JW, Walcot RR and Beuchat 
LR,  Recent trend in Microbiology 
safety of fruit and vegetables, Plant 
health Progress,  1, 2003, 1-3 
[19] WHO, Microbiological Harzards in 
fresh Leafy Vegetables and Herbs: 
Meeting Report. Microbiological 
Risk Assessment series No 14, Rome, 
2008, 151-152.  
[20] Odunfa SA, Microbiology and amino 
acids composition of “Ogiri” a food 
condiment from fermented melon 
seeds, Dic. Nahrung, 25, 1981, 811-
813. 
[21] Adenike AO and Kehinde OO, 
Microbial loads and incidence of 
food-borne indicator bacteria in most 
popular indigenous fermented food 
condiments from middle-belt and 
southwestern Nigeria, Af.  J. 
Microbial. Res., 2, 2008, 332-339. 
[22] Nwagu TN, Amadi C and Alakwe O, 
Role of Bacteria isolates in the 
spoilage of fermented African oil 
bean seed Ugba, Pak. J. Biological 
Sci., 13, 2010, 497-503. 
[23] Onuorah SL, Adesiyun AA and 
Adekeye JO, Survival and 
multiplication of S. aureus and E. coli 
in a Nigerian cereal drink (Kunun-
zaki), Effect of spices, pH, and 
temperature, J. Food Agric., 1, 1987, 
169-173. 
[24] Oranusi SU, Umoh VJ and Kwaga 
JKP, (2003). Hazards and Critical 
Control Points of Kunun- zaki, a non-
alcoholic beverage in Northern 
Nigeria, Food Microbiol., 20, 2003, 
127-132. 
Oranusi S et al                                                                                                                             Research Article 
 
 
537 
IJBPAS, March, 2013, 2(3) 
[25] Zuber MS, Clavert OH, Kwolek WF, 
Lillehoj EB, and Kang MS, Aflatoxin 
production in grains, 1993, 51-95. 
